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Received
AcceptedIn animal societies, cooperation for the common wealth and latent conflicts due to the selfish interests of
individuals are in delicate balance. In many ant species, colonies contain multiple breeders and workers
interact with nestmates of varying degrees of relatedness. Therefore, workers could increase their inclusive
fitness by preferentially caring for their closest relatives, yet evidence for nepotism in insect societies
remains scarce and controversial. We experimentally demonstrate that workers of the ant Formica exsecta
do not discriminate between highly related and unrelated brood, but that brood viability differs between
queens. We further show that differences in brood viability are sufficient to explain a relatedness pattern
that has previously been interpreted as evidence for nepotism. Hence, our findings support the view that
nepotism remains elusive in social insects and emphasize the need for further controlled experiments.
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Individuals can pass on their genes not only directly
through their own offspring, but also indirectly by
favouring the reproduction of relatives such as siblings or
cousins (Hamilton 1963, 1964). Hamilton’s principle of
kin selection is a powerful explanation for the evolution of
reproductive altruism and cooperation in groups with
related individuals. However, conflicts can arise when
individuals have divergent genetic interests.
A prominent conflict predicted by kin selection is
nepotism, a behaviour whereby individuals favour their
closest relatives over less-related individuals (Hamilton
1987). In social insect colonies with more than one mother
or father (Bourke & Franks 1995; Crozier & Pamilo 1996)
workers could increase their inclusive fitness by favouring
individuals belonging to the same matriline or patriline as
long as the costs of discrimination are low (Ratnieks &
Reeve 1991).
The decision of an individual to behave nepotistically
depends on the ability to correctly identify the relatedness
of the recipient and thus on the types of cues available
(Reeve 1989; Breed 1998). The chemical recognition
labels in social insects are a combination of genetically
specified and environmentally acquired cues (Gamboa
et al. 1986; Crozier & Pamilo 1996; Downs & Ratnieks
1999). Although cuticular cues are individualistic, feeding
and grooming homogenize the recognition labels among
nestmates (Gamboa et al. 1986; Soroker et al. 1995;
Arnold et al. 2000; Boulay et al. 2000; Lenoir et al. 2001).
The masking or active scrambling of recognition cues may
prevent nepotism (Keller 1997).
Early claims of widespread nepotism in honeybees
(Getz & Smith 1983; Page et al. 1989) have been
dismissed on statistical or biological grounds (Oldroyd
et al. 1990; Frumhoff 1991; Breed et al. 1994). Several
studies in the honeybee (Apis mellifera; reviewed byr for correspondence (rolf.kuemmerli@unil.ch).
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2049Tarpy et al. 2004; see also Chaˆline et al. 2005) in wasps
(Queller et al. 1990; Strassmann et al. 1997; Solis et al.
1998; Strassmann et al. 2000) and in ant species with
multiple-queen colonies (Carlin et al. 1993; Snyder 1993;
Balas & Adams 1996; Bernasconi & Keller 1996; DeHeer
& Ross 1997) failed to detect nepotism. Thus, the bulk of
the evidence suggests that social insects do not behave
nepotistically, probably because of the costs entailed by
decreased colony efficiency or discrimination errors
(Keller 1997; Ratnieks et al. 2006). Recently, the
consensus that nepotistic behaviour does not occur in
insect colonies was challenged by a study in the ant
Formica fusca (Hannonen & Sundstro¨m 2003) showing
that the reproductive share of queens more closely related
to workers increases during brood development. However,
this pattern can be explained either by nepotism with
workers preferentially rearing the brood of more closely
related queens or intrinsic differences in the viability of
eggs laid by queens.
We designed an experiment to disentangle nepotism
and differences in brood viability. We used the ant Formica
exsecta, a species in which colonies can contain several
queens (Brown & Keller 2000). We tested if workers prefer
to rear their kin when given the choice between highly
related and unrelated brood. We also looked for differ-
ences in egg viability among queens and simulated if such
differences in egg viability may mistakenly lead to the
conclusion that workers behave nepotistically.2. MATERIAL AND METHODS
(a) Field collection
We collected F. exsecta ants from polygynous (multiple-queen)
colonies at La Dunanche (468280 N, 68110 E) in the Swiss Jura
Mountains between 21 and 25 April 2004. From each of
104 colonies, we sampled one queen and approximately 500
workers. These colonies were kept in nests (26!41!15 cm)
containing peat as nest material and a tile as nesting site at
22–24 8C for two weeks. Ants were regularly fed with honey
water and a mixture of agar, egg, honey and water.q 2006 The Royal Society
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To create experimental colonies consisting of sister workers
and to control for environmental recognition cues, we reared
workers apart form the maternal colony. We transferred
brood (meanGs.d., 186G87) from the single-queen colonies
to nests containing approximately 50 colour-marked workers
originating from a mix of workers from all experimental
colonies previously collected in the field. Since colonies were
sampled randomly from the population the workers in this
mixed stock were unrelated. The colour-marked workers
were removed from the colonies once the transferred brood
hatched from the pupae. Overall, we obtained sufficient
numbers of sister workers (meanGs.d., 55G31) in 50
colonies. These colonies were arranged in pairs comprising
equal number of workers. Colonies within a pair were each
provided with equal number of eggs and small larvae
collected from the two colonies containing the mother queens
of the workers (meanGs.d., 61G44 brood items per colony).
The 25 experimental colony pairs were fed twice a week with
a number of fruit flies equal to half of the number of workers
and eggs. Water and honey water were provided ad libitum.
Nineteen of the 25 colony pairs produced five or more pupae
that were collected and prepared for genetic analyses.
(c) Genotyping and maternity assignment
To assign maternity of the reared pupae to one of the two
queens, we genotyped all pupae and six workers per colony at
four highly polymorphic microsatellite loci; FL21 (Chapuisat
1996), FE13, FE17 and FE37 (Gyllenstrand et al. 2002).
DNA was extracted from the head of workers or the entire
pupae in 250 and 500 ml of 5% Chelex, respectively. Samples
were incubated for 20 min at 90 8C. The loci FE13 and FL21
were amplified in a simplex PCR and the loci FE17 and FE37
were co-amplified in a multiplex PCR (Ku¨mmerli et al. 2005).
PCR products were mixed and run on an automatic
sequencer (ABI Prism 377XL). The number of alleles per
locus ranged from 6 to 19 (meanGs.d., 12.5G5.3) with an
expected heterozygosity between 0.59 and 0.88. We used the
genotypes of the workers within a colony to determine the
genotypes of the queens and their mates. Maternity of all
pupae could be determined without ambiguity because the
two queens within colony pairs were unrelated.
(d) Statistical analyses
The relatedness among sister workers was calculated with the
program RELATEDNESS v. 5.0.8 (Queller & Goodnight 1989).
We further estimated the relatedness of sister workers towards
the reared offspring from the mother or the foreign queen,
respectively. To test whether the observed proportion of
sisters reared was significantly greater than 0.5, the expected
ratio in absence of nepotism, we performed a one-sample
t-test (one tailed) on the weighted mean proportion of sisters
reared across all colony pairs (Sokal & Rohlf 1995). The
power of the t-test was calculated with the computer program
G-POWER (Erdfelder et al. 1996) by increasing the mean ratio
of nepotism in steps of 0.01 starting at 0.5. The power was
calculated for each step until it reached 80%.
To test for differences in brood viability between pairs of
queens, we counted the number of cases where one queen
contributed more to the reared offspring in both colonies in
the pair and compared it to the expected frequency of 0.5 with
a binomial test.
We used the procedure described by Hannonen &
Sundstro¨m (2003) to compare the queen’s increase inProc. R. Soc. B (2006)reproductive share between the egg and adult stages and her
relative relatedness (relatedness index) towards the workers
they would produce given their observed difference in brood
viability. Since the relatedness was measured over few loci,
stochastic errors can result in negative relatedness indices.3. RESULTS
The relatedness (meanGs.e.m.) between the sister
workers was rZ0.67G0.02. The relatedness value is
lower than expected for full sisters (rZ0.75), because
34% of the queens had mated with multiple males (mean
mating frequencyZ1.4). Moreover, the relatedness
between workers and the reared brood from the mother
was rZ0.68G0.03, this was significantly higher than the
relatedness between workers and the reared brood from
the unrelated queen which was only rZ0.04G0.06 (paired
t-test: t33Z15.3, p!0.001). The relatedness confirmed
our experimental set-up: sister workers were given the
choice to rear highly related or unrelated brood.
Among the 342 offspring genotyped, the proportion of
sisters was 0.52G0.02 (weighted meanGs.e.m.), which is
not significantly greater than the expected ratio of 0.5 in
the absence of nepotism (one-sample t-test (one-tailed):
t18Z1.05, pZ0.31). A power analysis shows that a degree
of nepotism of 0.56 (proportion of sisters reared) would
have been detected with a probability higher than 80%.
Our paired design allowed us to compare the viability of
the brood between the paired queens. In 16 (84.2%) out of
the 19 queen pairs, the same queen had a higher
proportion of brood reared to adulthood, regardless of
whether the brood was reared by her daughters or the
workers of the other queen (binominal test with PHoZ0.5:
nZ19, pZ0.004). While this further supports the view
that workers fail to discriminate between kin classes,
the data also indicates that queens differ in the viability of
their brood.
We further found a significant positive correlation
between a queen’s increase in reproductive share during
brood development and her relative relatedness towards
the workers that were reared (Pearson’s correlation
coefficient: rpZ0.65, nZ19, pZ0.003), a pattern caused
by intrinsic difference in egg viability between queens and
not worker nepotism (figure 1).4. DISCUSSION
The main result of this study is that workers of the ant
F. exsecta did not behave nepotistically when they had the
choice to rear sisters or unrelated individuals in a
laboratory experiment. We controlled for environmental
recognition cues by rearing the sister workers apart from
their maternal colony. Moreover, in a natural colony of
ants with multiple breeders, workers will usually interact
with multiple kin classes of several degrees of relatedness.
Our experimental set-up with two kin classes in a
homogenous environment therefore should have facili-
tated nepotistic behaviour.
Studies supporting nepotism in social insects are rare or
controversial (Keller 1997; Ratnieks et al. 2006).
In honeybees, no clear evidence for nepotism was detected
(reviewed by Breed et al. 1994; Tarpy et al. 2004). Several
studies in wasps found no support for within colony kin
discrimination (Queller et al. 1990; Strassmann et al.
1997; Solis et al. 1998). In the fire ant Solenopsis invicta
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Figure 1. Sham nepotism in the ant Formica exsecta. The
significant positive correlation between a queen’s increase in
reproductive share and her relative relatedness towards
workers is caused by intrinsic difference in egg viability
between queens and not worker nepotism. The relatedness
index was calculated as rwqCKrwqK, where rwqC is the
relatedness of workers to the queen that increased her
reproductive share and rwqK is the relatedness of workers to
the queen whose share decreased.
Sham nepotism in ants B. Holzer and others 2051workers did not favour their mother during fights between
co-foundress queens (Balas & Adams 1996; Bernasconi &
Keller 1996), nor did they tend or feed preferentially the
more related queen in multiple-queen colonies (DeHeer &
Ross 1997).
A proximate explanation for the lack of nepotism in
F. exsecta and other social insects might be that the
variability of the genetic recognition cues is not sufficient
to correctly identify and discriminate between related and
unrelated brood. In the ant Formica truncorum, infor-
mation based on genetic cues is limited, which may
constrain the kin assessment that is necessary for nepotism
(Boomsma et al. 2003). Similar results were found in the
wasp Vespa crabro where the differences in the chemical
labels between patrilines were low (Dani et al. 2004).
At the ultimate level, the cost of nepotistic behaviour
may outweigh the benefits. In social insect colonies with
multiple kin classes such as F. exsecta, assessing relatedness
differences on the basis of genetic cues might be difficult
and error prone. Moreover, nepotistic behaviour is likely
to decrease colony efficiency. This may result in a net
decrease in inclusive fitness for all colony members, so that
nepotistic behaviour is selected against (Keller 1997).
In contrast to the view that nepotism is absent in
social insects, a recent study in the ant F. fusca found that
the reproductive share of the queens more related
to the workers increased during brood development
(Hannonen & Sundstro¨m 2003). This correlation was
interpreted as nepotism, with workers preferentially rear-
ing the brood of more closely related queens. However,
this result can also be explained by intrinsic differences in
the viability of eggs laid by queens. If brood viability differs
among queens, the majority of adult workers in a colony
will be the daughters of the queen whose eggs have the
higher likelihood of developing to adulthood. As a result,
workers will collectively be more related to this queen.
Empirical data on intrinsic brood viability are thus
essential to interpret patterns of apparent nepotism
based on changes in matrilines frequency during brood
development.Proc. R. Soc. B (2006)The second important result of our study is indeed that
F. exsecta queens differed in brood viability. Assuming that
queens have similar fecundities, we estimated the
relatedness between each queen within a pair and the
workers they would produce given their observed
difference in brood viability. Our analysis revealed a
significant positive correlation between the difference in
relatedness of the two queens towards the workers they
would produce and the increase in reproductive share
between the egg and adult stage (figure 1). It is likely that
differences in brood viability are common in social insects
(Martin et al. 2004). Hence, a positive association between
queen–worker relatedness and differential brood survival
within colonies can emerge without workers behaving
nepotistically.
In conclusion, this study reveals that workers fail to
discriminate between related and unrelated brood in
F. exsecta. However, there are significant and consistent
differences between queens in the viability of their brood.
Our findings support the view that nepotism remains elusive
in social insects (Keller 1997; Queller & Strassmann 2002;
Tarpy et al. 2004) and emphasize the need for further
experiments controlling for differences in brood viability.
We thank Rob Hammond, Lotta Sundstro¨m and three
anonymous referees for helpful comments on the manuscript.
This study was supported by several grants from the Swiss
National Science Foundation to M.C. and L.K.REFERENCES
Arnold, G., Quenet, B. & Masson, C. 2000 Influence of social
environment on genetically based subfamily signature in
the honeybee. J. Chem. Ecol. 26, 2321–2333. (doi:10.
1023/A:1005574810743)
Balas, M. T. & Adams, E. S. 1996 The dissolution of
cooperative groups: mechanisms of queen mortality in
incipient fire ant colonies. Behav. Ecol. Sociobiol. 38,
391–399. (doi:10.1007/s002650050256)
Bernasconi, G. & Keller, L. 1996 Reproductive conflicts in
cooperative associations of fire ant queens (Solenopsis
invicta). Proc. R. Soc. B 263, 509–513.
Boomsma, J. J., Nielsen, J., Sundstrom, L., Oldham, N. J.,
Tentschert, J., Petersen, H. C. & Morgan, E. D. 2003
Informational constraints on optimal sex allocation in
ants. Proc. Natl Acad. Sci. USA 100, 8799–8804. (doi:10.
1073/pnas.1430283100)
Boulay, R., Hefetz, A., Soroker, V. & Lenoir, A. 2000
Camponotus fellah colony integration: worker individuality
necessitates frequent hydrocarbon exchanges. Anim.
Behav. 59, 1127–1133. (doi:10.1006/anbe.2000.1408)
Bourke, A. F. G. & Franks, N. R. 1995 Social evolution in ants.
Princeton, NJ: Princeton University Press.
Breed, M. D. 1998 Recognition pheromones of the honey
bee. Bioscience 48, 463–470.
Breed, M. D., Welch, C. K. & Cruz, R. 1994 Kin
discrimination within honey-bee (Apis mellifera) colonies:
an analysis of the evidence. Behav. Process. 33, 25–39.
(doi:10.1016/0376-6357(94)90058-2)
Brown, W. D. & Keller, L. 2000 Colony sex ratios vary with
queen number but not with relatedness asymmetry in the
ant Formica exsecta. Proc. R. Soc. B 267, 1751–1757.
(doi:10.1098/rspb.2000.1206)
Carlin, N. F., Reeve, H. K. & Cover, S. P. 1993 Kin
discrimination and division of labour among matrilines in
the polygynous carpenter ant, Camponotus planatus. In
Queen number and sociality in insects (ed. L. Keller),
pp. 362–401. Oxford, UK: Oxford University Press.
2052 B. Holzer and others Sham nepotism in antsChaˆline, N., Martin, S. J. & Ratnieks, F. L. W. 2005 Absence
of nepotism toward imprisoned young queens during
swarming in the honey bee. Behav. Ecol. 16, 403–409.
(doi:10.1093/beheco/ari003)
Chapuisat, M. 1996 Characterization of microsatellite loci in
Formica lugubris B and their variability in other ant species.
Mol. Ecol. 5, 599–601. (doi:10.1046/j.1365-294X.1996.
00124.x)
Crozier, R. H. & Pamilo, P. 1996 Evolution of social insect
colonies: sex allocation and kin selection. Oxford, UK: Oxford
University Press.
Dani, F. R. et al. 2004 Can cuticular lipids provide sufficient
information for within-colony nepotism in wasps? Proc. R.
Soc. B 271, 745–753. (doi:10.1098/rspb.2003.2646)
DeHeer, C. J. & Ross, K. G. 1997 Lack of detectable
nepotism in multiple-queen colonies of the fire ant
Solenopsis invicta (Hymenoptera: Formicidae). Behav.
Ecol. Sociobiol. 40, 27–33. (doi:10.1007/s002650050312)
Downs, S. G. & Ratnieks, F. L. W. 1999 Recognition of
conspecifics by honeybee guards uses nonheritable cues
acquired in the adult stage. Anim. Behav. 58, 643–648.
(doi:10.1006/anbe.1999.1177)
Erdfelder, E., Faul, F. & Buchner, A. 1996 GPOWER: a general
power analysis program. Behav. Res. Meth. Instrum.
Comput. 28, 1–11.
Frumhoff, P. C. 1991 The effects of the cordovan marker on
apparent kin discrimination among nestmate honey bees.
Anim. Behav. 42, 854–856.
Gamboa, G. J., Reeve, H. K., Ferguson, I. D. & Wacker, T. L.
1986 Nestmate recognition in social wasps: the origin and
acquisition of recognition odours. Anim. Behav. 34,
685–695.
Getz, W. M. & Smith, K. B. 1983 Genetic kin recognition:
honey bees discriminate between full and half sisters.
Nature 302, 147–148. (doi:10.1038/302147a0)
Gyllenstrand, N., Gertsch, P. J. & Pamilo, P. 2002
Polymorphic microsatellite DNA markers in the ant
Formica exsecta. Mol. Ecol. Notes 2, 67–69.
Hamilton, W. D. 1963 The evolution of altruistic behaviour.
Am. Nat. 97, 354–356. (doi:10.1086/497114)
Hamilton, W. D. 1964 The genetical evolution of social
behavior. J. Theor. Biol. 7, 1–52. (doi:10.1016/0022-
5193(64)90038-4)
Hamilton, W. D. 1987 Discriminating nepotism: expectable,
common, overlooked. In Kin recognition in animals (ed.
D. J. C. Fletcher & C. D. Michener), pp. 417–437. New
York, NY: Wiley.
Hannonen, M. & Sundstro¨m, L. 2003 Worker nepotism
among polygynous ants. Nature 421, 910. (doi:10.1038/
421910a)
Keller, L. 1997 Indiscriminate altruism: unduly nice parents
and siblings. Trends Ecol. Evol. 12, 99–103. (doi:10.1016/
S0169-5347(96)10065-3)
Ku¨mmerli, R., Helms, K. R. & Keller, L. 2005 Experimental
manipulation of queen number affects colony sex ratio
investment in the highly polygynous ant Formica exsecta.
Proc. R. Soc. B 272, 1789–1794. (doi:10.1098/rspb.2005.
3163)Proc. R. Soc. B (2006)Lenoir, A., Hefetz, A., Simon, T. & Soroker, V. 2001
Comparative dynamics of gestalt odour formation in two
ant species Camponotus fellah and Aphaenogaster senilis
(Hymenoptera: Formicidae). Physiol. Entomol. 26,
275–283. (doi:10.1046/j.0307-6962.2001.00244.x)
Martin, C. G., Oldroyd, B. P. & Beekman, M. 2004
Differential reproductive success among subfamilies in
queenless honeybee (Apis mellifera L.) colonies. Behav.
Ecol. Sociobiol. 56, 42–49. (doi:10.1007/s00265-004-
0755-z)
Oldroyd, B. P., Rinderer, T. E. & Buco, S. M. 1990 Nepotism
in honey bees. Nature 346, 707. (doi:10.1038/346707b0)
Page, R. E., Robinson, G. E. & Fondrk, M. K. 1989 Genetic
specialists, kin recognition and nepotism in honey-bee
colonies. Nature 338, 576–579. (doi:10.1038/338576a0)
Queller, D. C. & Goodnight, K. F. 1989 Estimating
relatedness using genetic markers. Evolution 43, 258–275.
Queller, D. C. & Strassmann, J. E. 2002 The many selves of
social insects. Science 296, 311–313. (doi:10.1126/science.
1070671)
Queller, D. C., Hughes, C. R. & Strassmann, J. E. 1990
Wasps fail to make distinctions. Nature 344, 388. (doi:10.
1038/344388a0)
Ratnieks, F. L. W. & Reeve, H. K. 1991 The evolution of
queen-rearing nepotism in social Hymenoptera: effects of
discrimination costs in swarming species. J. Evol. Biol. 4,
93–115. (doi:10.1046/j.1420-9101.1991.4010093.x)
Ratnieks, F. L. W., Foster, K. R. & Wenseleers, T. 2006 Conflict
resolution in insect societies. Annu. Rev. Entomol. 51,
581–608. (doi:10.1146/annurev.ento.51.110104.151003)
Reeve, H. K. 1989 The evolution of conspecific acceptance
thresholds.Am.Nat. 133, 407–435. (doi:10.1086/284926)
Snyder, L. E. 1993 Non-random behavioural interactions
among genetic subgroups in a polygynous ant. Anim.
Behav. 46, 431–439. (doi:10.1006/anbe.1993.1212)
Sokal, R. R. & Rohlf, F. J. 1995 Biometry. New York, NY:
W.H. Freeman and Company.
Solis, C. R., Hughes, C. R., Klingler, C. J., Strassmann, J. E.
& Queller, D. C. 1998 Lack of kin discrimination during
wasp colony fission. Behav. Ecol. 9, 172–176.
Soroker, V., Vienne, C. & Hefetz, A. 1995 Hydrocarbon
dynamics within and between nestmates in Cataglyphis
niger (Hymenoptera, Formicidae). J. Chem. Ecol. 21,
365–378. (doi:10.1007/BF02036724)
Strassmann, J. E., Klingler, C. J., Arevalo, E., Zacchi, F.,
Husain, A., Williams, J., Seppa, P. & Queller, D. C. 1997
Absence of within-colony kin discrimination in beha-
vioural interactions of swarm-founding-wasps. Proc. R.
Soc. B 264, 1565–1570. (doi:10.1098/rspb.1997.0218)
Strassmann, J. E., Seppa, P. & Queller, D. C. 2000 Absence
of within-colony kin discrimination: foundresses of the
social wasp, Polistes carolina, do not prefer their own larvae.
Naturwissenschaften 87, 266–269. (doi:10.1007/s00114
0050718)
Tarpy, D. R., Gilley, D. C. & Seeley, T. D. 2004 Levels of
selection in a social insect: a review of conflict and
cooperation during honey bee (Apis mellifera) queen
replacement. Behav. Ecol. Sociobiol. 55, 513–523.
(doi:10.1007/s00265-003-0738-5)
